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Abstract

Objective: The aim of this study was to evaluate the differences of laparoscopic appendectomy (LA) versus open append-
ectomy (0A) in adults and children.

Methods: Randomized controlled trials (RCTs) comparing LA and OA in adults and children between January 1992-March
2016 were included in this study. A meta-analysis was performed to evaluate wound infection, intra-abdominal abscess,
postoperative complications, reoperation rate, operation time, postoperative stay, and return to normal activity.

Result: Thirty-three studies including 3642 patients (1810 LA, 1832 OA) were included. Compared with OA, LA in adults was
associated with lower incidence of wound infection, fewer postoperative complications, shorter postoperative stay, and
earlier return to normal activity, but a longer operation time. There was no difference in levels of intra-abdominal abscess
and reoperation between the groups. Subgroup analysis in children did not reveal significant differences between the two
techniques in wound infection, postoperative complications, postoperative stay, and return to normal activity.

Conclusion: LA in adults is worth recommending as an effective and safe procedure for acute appendicitis, and further

high-quality randomized trials comparing the two techniques in children are needed.
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Introduction

Acute appendicitis is a common cause of acute abdom-
inal pain with a life-time incidence between 7-9%." As
a direct result, appendectomy is one of the most fre-
quently performed surgical procedures. The open
approach to appendectomy was originally described
by McBurney.? It has become the standard treatment
of choice for acute appendicitis, remaining mainly
unchanged for 100 years due to its favorable efficacy
and safety. Since the advent of laparoscopy, appendec-
tomy has increasingly been performed using a minim-
ally invasive approach, following the first report by
Semm in 1983.% Although laparoscopic appendectomy
(LA) has gained much popularity among some sur-
geons, others remain skeptical with regard to replacing
the relatively straightforward open appendectomy
(OA). Criticism of LA includes increased operative
cost, primarily due to the use of disposable laparo-
scopic instruments,* increased operation time, and con-
cerns about a higher incidence of intra-abdominal

abscesses, particularly after perforated appendicitis.’

Proponents of LA, however, claim that the advantages
of the procedure include improved wound healing,
reduced postoperative pain and, ultimately, earlier dis-
charge from hospital, all translating to an earlier return
to normal activity. Therefore, the use of LA remains
controversial, in contrast to the wide acceptance of lap-
aroscopic cholecystectomy since its innovation.
Meta-analysis is a useful statistical tool that can be
used to evaluate the existing literature in both quanti-
tative and qualitative ways by comparing and integrat-
ing the results of different studies, taking into account
variations in characteristics that can influence the

Department of General Surgery, Longhua Branch of Shenzhen People’s
Hospital, Shenzhen, China

Corresponding author:

Jian Shuai, Department of General Surgery, Longhua Branch of Shenzhen
People’s Hospital, No. 101 East Longguan Road, Shenzhen, 518109, China.
Email: Ihfyshuaijian@163.com



Dai and Shuai

543

overall estimate of the outcome of interest. Previous
meta-analyses have demonstrated a reduced incidence
of surgical site infection and length of hospital stay
following LA in adults.*” Some studies, however,
have suggested that LA is associated with higher rates
of intra-abdominal abscess formation, longer operative
times, and higher surgical costs when compared to OA.

LA, however, is currently not universally accepted as
the standard of care for the treatment of acute appen-
dicitis in children and differences in the patient popu-
lation mean that direct extrapolation of adult data to
children is invalid.®® Although much research has been
done to compare results from LA and OA in children,
conclusions have been difficult to draw because of small
study size, the presence of only a handful of rando-
mized trials, and possible heterogeneity in patient
characteristics, surgical practice, and severity of appen-
dicitis between these studies. At present, there is no
consensus between pediatric surgeons as to the benefits
of LA over OA.

In order to guide future management decisions, we
decided to conduct a meta-analysis of randomized con-
trolled trials (RCTs) comparing LA and OA in adult
and pediatric patients.

Methods
Selection criteria

A comprehensive literature search of the Cochrane
Controlled Trials Register on The Cochrane Library,
MEDLINE, EMBASE, and the China Biological
Medicine Database (CBMdisc) under the headings of
“appendicitis,” “‘appendectomy,” ‘“laparoscopy,” and
“laparoscopic appendectomy” was performed electron-
ically for the period between January 1992-March
2016. The reference lists of pertinent reviews and
retrieved articles was checked for additional study iden-
tification. In the meta-analysis, the following inclusive
selection criteria were set and reviewed by two inde-
pendent investigators: (a) each trial should be a
prospective randomized controlled clinical trial;
(b) compare LA and OA techniques; (c) report on at
least one of the outcome measures mentioned below.
The following exclusive selection criteria were set:
(a) non-randomized studies; (b) repeated reports if
more than one version of the same study was retrieved,
only the most recent one was used; (c) studies in which
the standard deviation of the mean for continuous out-
comes of interest were not reported. The studies were
independently evaluated by the two authors, outcome
measures were wound infection, intra-abdominal
abscess, postoperative complications, reoperation,
operation time, postoperative stay, and return to
normal activity. Discrepancies in the evaluation of

some studies were resolved through discussion between
the reviewers.

Assessment of study quality

Quality of included reports was scored using the Jadad
composite scale,'® which assesses descriptions of ran-
domization, blinding, and dropouts (withdrawals) in
reports. The quality scale ranges from 0-5 points with
a low quality report of score at two or less and a high
quality report of score at least three.

Statistical analysis

The analysis was completed using Review Manager
software (Rev Man 5.3) from the Cochrane collabor-
ation. Continuous data presented in the same scale
were analyzed using weight mean difference (WMD)
with 95% confidence intervals (CIs). Due to the rarity
of some events, dichotomous data were analyzed using
Peto odds ratios (ORs). A randomized effect model was
used due to the clinical heterogeneity of the included
studies. Heterogeneity was evaluated using the chi-
square test. All p values less than 0.05 were considered
significant for heterogeneity. A p value less than 0.05
was considered significant for overall effects. Funnel
plots were used to investigate any possible publication
bias in the meta-analysis.

Results
Description of studies

The initial literature search identified 661 studies, based
on the inclusion criteria 621 studies were excluded,
giving a selection of 40 studies for more detailed
review. Seven of those studies were subsequently
excluded (Figure 1), and only 33 RCTs that exclusively
evaluated LA and OA and fitted the inclusion and
exclusion criteria were selected.''™ Study characteris-
tics and quality evaluation of each selected study are
shown in Table 1, they were homogeneous in clinical
and methodological criteria. The RCTs selected
included 3642 patients, of whom 1810 were laparo-
scopic and 1832 were open procedures. There are only
426 children, all of the others are adults.

Wound infection

Twenty-nine trials reported the incidence of wound
infection in adults and children, and the wound infec-
tion rate was 51 in 1696 (3.01%) patients in LA and 130
in 1727 (7.53%) patients in OA. A fixed-effects model
was used because there was no heterogeneity between
the two groups (F=4%, p=0.40). Wound infection
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Potentially relevant studies identified and
screened for retrieval (n=661)

Studies excluded (n=617)

h 4

Not satisfying eligibility criteria

Y

Studies retrieved for more detailed
evaluation (n=44)

Studies excluded n=2

h 4

» Retrospective case-series n=2

Potentially appropriate studies to be
included in the meta-analysis (n=40)

Studies excluded from meta-analysis n=7
Serious methodological flaw with high bias

h 4

Studies included in meta-analysis n=33
(Randomized controlled trials)

risk directly affecting outcome n=5
Inadequate data for analysis n=2

Figure 1. Procedure for identification and selection of studies.

was significantly reduced with LA versus OA
(OR =0.38,95% CI: 0.28-0.53, p <0.00001). A subcat-
egory analysis of wound infection in adults was per-
formed, the results showed that LA was associated
with a significantly reduced incidence of wound infec-
tion (OR=0.38, 95% CI: 0.27-0.54, p <0.00001).
However, a subcategory analysis of wound infection
in children showed that there was no significant differ-
ence between the two groups (OR=0.39, 95% CI:
0.12-1.25, p=0.11) (Figure 2).

Intra-abdominal abscess

Eighteen trials reported the incidence of intra-abdominal
abscess in adults and children. A fixed-effects model was
used because there was no heterogeneity between the two
groups (F?=0%, p=0.80). Thirty-three (3.17%) and
40 (3.77%) incidences of postoperative intra-abdominal
abscess were seen in the laparoscopic and open proced-
ure groups, respectively, and there was no significant
difference between the two groups (OR =0.84, 95%
CI: 0.55-1.28, p=0.41). A subcategory analysis of
intra-abdominal abscess in adults or children showed
that there was no significant difference between the
two groups (OR=0.78, 95% CI: 0.50-1.23, p=0.29,
and OR =143, 95% CI: 0.40-5.14, p=0.58, respect-
ively) (Figure 3).

Postoperative complications

Twenty-eight trials reported the incidence of postopera-
tive complications in adults and children, and the

postoperative complications rate was 151 in 1595
(9.47%) patients in LA and 240 in 1628 (14.74%)
patients in OA. A random-effects model was used
because there was heterogeneity between the two
groups (?=47%, p=0.004), however, a subcategory
analysis of postoperative complications in children
showed that there was no heterogeneity between the
two groups (F=0%, p=0.80). When we modified to
the fixed-effects model, the results were the same to pre-
vious results, the p value not changed. Postoperative
complications were significantly reduced with LA
versus OA (OR=0.64, 95% CI: 0.44-0.93, p=0.02).
A subcategory analysis of postoperative complications
in adults was performed, and the results showed that
LA was associated with a significantly reduced inci-
dence of postoperative complications (OR =0.62,
95% CI: 0.40-0.96, p=0.03). However, a subcategory
analysis of postoperative complications in children
showed that there was no significant difference between
the two groups (OR=0.74, 95% CI: 0.34-1.59,
p=0.44) (Figure 4).

Reoperation

Twelve trials reported the incidence of reoperation in
adults and children. A fixed-effects model was used
because there was no heterogeneity between the two
groups (?=0%, p=0.90). Eighteen (2.36%) and 17
(2.11%) incidences of reoperation were seen in the lap-
aroscopic and open procedure groups, respectively, and
there was no significant difference between the two
groups (OR=1.08, 95% CI. 0.58-2.01, p=0.80).
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Table 1. Study characteristics and quality evaluation of each selected study

Double Lost to Sample Conversion
Study first author Jadad score Randomization blind follow-up size Patients rate (%)
Martin™* 2 1 1 0 169 Adults 16.1
Macarulla®™ 4 2 2 0 210 Adults 8.3
Minne®? 4 2 1 1 50 Adults 7.4
Reiertsen 3 2 1 0 84 Adults ND
Hellberg® 5 2 2 1 500 Adults 12
Shirazi'® 2 1 1 0 60 Adults ND
Moberg"’ 5 2 2 1 163 Adults 2.5
Kaplan®® 4 2 2 0 100 Adults 0
Wei® 3 1 1 1 220 Adults 0
Ignacio® 4 2 2 0 52 Adults 3.8
Mutter?* 3 1 2 0 100 Adults 12
Cox* 3 1 1 1 6L Adults 15
Tzovaras® 5 2 2 1 147 Adults 22
Laine”* 2 1 1 0 50 Adults 8
Mulhim?® 4 2 1 1 60 Adults 10
Dalen® 3 2 1 0 63 Adults ND
Clarke”’ 3 1 2 0 37 Adults ND
Kargar®® 4 2 2 0 100 Adults 0
Schietroma® 4 2 2 0 147 Adults 5.4%
Khalil*° 5 2 2 1 147 Adults 1.39%
Gilchrist® 2 1 1 0 A Children Not report ND
Lejus™? 3 1 2 0 63 Children 8-15 years
Hay*? 3 1 1 1 82 Children 4-12 years
Lavonius®* 4 2 1 1 43 Children 7-15 years
Lintula®® 5 2 2 1 61 Children 4-15 years ND
Little®® 3 2 1 0 88 Children 1-16 years
Lintula® 5 2 2 1 25 Children 4-15 years 0
Kocatas®® 4 2 1 1 96 Adults ND
Rashid*® 3 2 1 0 100 Adults 0
Thomson*° 5 2 2 1 112 Adults 3.3
Cipe*! 3 2 1 0 241 Adults 0
Mantoglu* 3 2 1 0 63 Adults ND
Taguchi*? 5 2 2 1 81 Adults 2.4%

ND: not described.

A subcategory analysis of reoperation in adults or chil-
dren showed that there was no significant difference
between the two groups (OR=1.01, 95% CI: 0.51-
1.98, p=0.99, and OR=1.56, 95% CI: 0.35-6.86,
p =0.56, respectively) (Figure 5).

Operation time

Eighteen trials reported the operation time in adults
and children. A random-effects model was used
because there was heterogenecity between the two
groups (I*=96%, p < 0.00001), however, a subcategory

analysis of operation time in children showed that there
was no heterogeneity between the two groups (I =0%,
»=0.60). When we modified to the fixed-effects model,
the results were the same to previous results, the p value
was not changed. LA was associated with a significantly
increased length of operation time (WMD =11.59,
95% CI: 6.65-16.53, p <0.0001). A subcategory ana-
lysis of operation time in adults or children showed
that LA was associated with a significantly increased
length of operation (WMD =10.49, 95% CI: 5.05-
15.92, p=0.0002, and WMD =16.91, 95% CI: 11.96—
21.86, p <0.00001, respectively) (Figure 6).
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LA OA Odds ratio Odds ratio
Study or subgroup  Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
1.1.2 Wound infection in adults
Al-Mulhim 2002 0 30 3 30 2.7% 0.13[0.01.2.61] .
Cipe 2014 2 121 6 120 4.6% 0.32[0.06.1.61]
Clarke 2011 2 23 1 14 0.9% 1.24[0.10, 15.05]
Cox 1996 0 33 2 3 2.0% 0.18[0.01,3.82] *
Hellberg 1999 5 244 3 256 2.2% 1.76[0.42,7.46] -1
Ignacio 2004 1 26 1 26 0.7% 1.00[0.06, 16.89]
Kaplan 2009 4 50 12 50 8.6% 0.28[0.08, 0.92] =
Kargar 2011 0 50 2 50 1.9% 0.19[0.01,4.10] *
Khalil 2011 3 72 8 75 5.8% 0.36[0.09, 1.43] e i i
Kocatas 2013 1 50 3 46 2.4% 0.29[0.03,2.92]
Laine 1997 1 25 1 25 0.7% 1.00[0.06, 16.93]
Macarulla 1997 1 106 5 104 3.9% 0.19[0.02, 1.64]
Mantoglu 2015 2 3 2 32 14% 1.03[0.14,7.84]
Martin 1995 3 88 6 81 4.7% 0.44[0.11, 1.83] - 1
Moberg 2005 1 81 1 82 0.8% 1.01[0.06,16.47]
Mutter 1996 0 50 1 50 1.2% 0.33[0.01,8.21]
Rashid 2013 1 50 1 50 0.8% 1.00[0.06, 16.44]
Reiertsen 1997 1 42 0 42 0.4% 3.07[0.12,77.59]
Schietroma 2012 9 73 24 74 16.2% 0.29[0.13,0.69 =%
Shirazi 2010 0 30 8 30 6.5% 0.04[0.00,079] *
Taguchi 2015 8 42 3 39 2.0% 2.82[0.69, 11.53] -
Thomson 2014 2 60 9 52 7.2% 0.16[0.03, 0.80]
Tzovaras 2010 2 72 4 75 3.0% 0.51[0.09, 2.86] I
Wei 2010 0 112 14 108 11.4% 0.03[0.00,0.49] ¥———
Subtotal (95% Cl) 1561 1542  91.9% 0.38[0.27, 0.54] <
Total events 49 120
Heterogeneity: Chi2 = 25.95, df = 23 (P=0.30); 2= 11%
Test for overall effect: Z = 5.61 (P < 0.00001)
1.1.3 Wound infection in children
Gilchrist 1992 0 14 1 50 0.5% 1.14[0.04, 29.46]
Hay 1998 0 34 3 48 22% 0.19[0.01,3.77] *
Lintula 2001 0 30 3 31 2.6% 0.13[0.01, 2.70] '
Lintula 2002 0 13 2 12 19% 0.16[0.01,3.60] *
Little 2002 2 44 1 44 0.7% 2.05[0.18, 23.44]
Subtotal (95% CI) 135 185 8.1% 0.39[0.12, 1.25] ~alll--
Total events 2 10
Heterogeneity: Chi2 = 3.23, df = 4 (P = 0.52); 12 = 0%
Test for overall effect: Z=1.58 (P=0.11)
Total (95% ClI) 1696 1727 100.0% 0.38[0.28, 0.53] <
Total events 51 130 . . . .
Heterogeneity: Chi2 = 29.19, df = 28 (P = 0.40); 12 = 4% 0.01 01 1 10 100
Test for overall effect: Z = 5.82 (P < 0.00001) Favours LA Favours OA
Test for subgroup differences: Chi2 = 0.00, df =1 (P =0.96); 12= 0%

Figure 2. Meta-analysis of wound infection. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.

Postoperative stay

Seventeen trials reported the postoperative stay time
in adults and children, and postoperative stay time
was significantly reduced with LA versus OA
(WMD =-0.79, 95% CI: —1.35~ —0.23, p=0.0006).
A random-effects model was used because there was
heterogeneity between the two groups (I>=98%,
p<0.00001). A subcategory analysis of postoperative
stay time in adults was performed, and the results
showed that LA was associated with a significantly

reduced postoperative stay time (WMD = —0.78, 95%
CI: —1.38— —0.17, p=0.01). However, a subcategory
analysis of postoperative stay time in children showed
that there was no significant difference between the two
groups (WMD = —0.83,95% CI: —2.46—0.81, p =0.32)
(Figure 7).

Return to normal activity

Nine trials reported the return to normal activity time
in adults and children, and return to normal activity
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LA OA Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
2.1.2 Intra abdominal abscess in adults
Cipe 2014 6 121 4 120 9.3% 1.49[0.43, 5.14] I
Clarke 2011 1 23 0 14 1.4% 1.88[0.08, 43.10]
Kaplan 2009 0 50 1 50 3.5% 0.33[0.01,7.99]
Kocatas 2013 1 50 1 46 2.4% 0.92[0.06, 14.29]
Macarulla 1997 1 106 0 104 1.2% 2.94][0.12,71.45]
Martin 1995 3 88 3 81 7.2% 0.92[0.19, 4.43] — 1
Minné 1997 2 27 1 23 25% 1.70[0.16, 17.60]
Moberg 2005 0 81 1 82 34% 0.34[0.01, 8.16]
Mutter 1996 1 50 0 50 1.2% 3.00[0.13, 71.92]
Reiertsen 1997 2 42 3 42 6.9% 0.67 [0.12, 3.79] - =1
Schietroma 2012 1 73 6 74 13.7% 0.17[0.02, 1.37]
Taguchi2015 7 42 7 39 16.7%  0.93[0.36, 2.41] _—
Tzovaras 2010 2 72 0 75 1.1% 5.21[0.25,106.60] »
Wei 2010 2 112 9 108 21.1% 0.21 [0.05, 0.97] ]
Subtotal (95% Cl) 937 908 91.7% 0.78[0.50, 1.23] >
Total events 29 36
Heterogeneity: Chi2 = 10.27, df = 13 (P=0.67); 12 = 0%
Test for overall effect: Z = 1.06 (P =0.29)
2.1.3 Intra abdominal abscess in children
Gilchrist 1992 1 14 1 50 1.0% 3.57[0.24, 53.55]
Hay 1998 1 34 2 48 3.8% 0.71[0.07,7.48]
Lintula 2002 1 13 0 12 1.2% 2.79[0.12, 62.48]
Little 2002 1 44 1 44 2.3% 1.00[0.06, 15.49]
Subtotal (95% Cl) 105 8.3% 1.43[0.40, 5.14] sl
Total events 4 4
Heterogeneity: Chi2 = 1.02, df = 3 (P = 0.80); I2 = 0%
Test for overall effect: Z = 0.55 (P = 0.58)
Total (95% CI) 1042 1062 100.0% 0.84[0.55, 1.28] -
Total events 33
Heterogeneity: Chi2 = 11.92, df = 17 (P = 0.80); I2 = 0% ; t t =
Test for overall effect: Z = 0.82 (P = 0.41) 0.01 0.1 1 10 100
Test for subgroup differences: Chi2 = 0.77, df = 1 (P = 0.38); 12 = 0% Favours LA Favours OA

Figure 3. Meta-analysis of intra-abdominal abscess. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.

time was significantly reduced with LA versus OA
(WMD =-5.45, 95% CI: —8.98- —1.91, p=0.003).
A random-effects model was used because there was
heterogeneity between the two groups (I°=99%,
p<0.00001). A subcategory analysis of return to
normal activity time in adults was performed, and the
results showed that LA was associated with a signifi-
cantly reduced return to normal activity time
(WMD =-3.92, 95% CI: —6.15- —1.70, p=0.00006).
However, a subcategory analysis of return to normal
activity time in children showed that there was no sig-

nificant  difference  between the two  groups
(WMD=-11.43, 95% CI. —-22.94-0.09, p=0.05)
(Figure 8).

Sensitivity analysis

We carried out a sensitivity analysis by adding one
study at a time and leaving one study out in turn,
and the results were the same to previous results, the
p value was not changed (data not shown).

Publication bias

Funnel plots were used to investigate any possible pub-
lication bias in the meta-analysis. Since there were only
a small number of children studies discussing intra-
abdominal abscess, postoperative stay, reoperation,
and return to normal activity, a funnel-plot analysis
was used to detect possible publication bias only for
wound infection and postoperative complications. The
included studies fell symmetrically on both sides of the
horizontal line (real value), indicating that there was no
obvious publication bias related to these studies, and
also indicating that the meta-analysis was reliable (data
not shown).

Discussion

In the wake of the spectacular success of laparoscopic
cholecystectomy, many surgeons have been eager to
extrapolate the proven benefits of minimal access sur-
gery to other procedures, including appendectomy.
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LA OA odds ratio odds ratio

Study or subgroup  Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

3.1.2 Postoperative complications in adults

Al-Mulhim 2002 0 30 3 30 1.3% 0.13[0.01, 2.61] +

Cipe 2014 9 121 10 120 5.9% 0.88 [0.35, 2.26] T

Clarke 2011 5 23 3 14 3.4% 1.02[0.20, 5.13] e

Cox 1996 4 33 8 31 4.3% 0.40[0.11, 1.48] —_—1

Hellberg 1999 35 244 38 256 8.0% 0.96 [0.58, 1.58] =T

Ignacio 2004 1 26 1 26 1.5% 1.00 [0.06, 16.89]

Kaplan 2009 4 50 13 50 4.7% 0.25[0.07, 0.82] =

Kargar 2011 3 50 11 50 4.2% 0.23[0.06, 0.87] —

Khalil 2011 12 72 18 75 6.4% 0.63[0.28, 1.43] e

Kocatas 2013 6 50 1 46 2.3% 6.14[0.71, 53.07]

Laine 1997 2 25 1 25 1.8% 2.09[0.18, 24.61]

Macarulla 1997 6 106 8 104 52% 0.72[0.24, 2.15] _1

Martin 1995 1 88 2 81 1.9% 0.45[0.04, 5.10]

Minné 1997 5 27 1 23 2.2% 5.00 [0.54, 46.35]

Moberg 2005 7 81 9 82 5.4% 0.77 [0.27, 2.17] —

Mutter 1996 2 50 2 50 2.5% 1.00[0.14, 7.39] —

Reiertsen 1997 18 42 12 42 6.0% 1.88[0.76, 4.64] e

Schietroma 2012 10 73 30 74 6.5% 0.23[0.10, 0.52] e

Shirazi 2010 0 30 8 30 1.4% 0.04 [0.00, 0.79] *

Tzovaras 2010 6 72 5 75 46% 1.27 [0.37, 4.37] A R

Wei 2010 2 112 31 108 3.8% 0.05[0.01,0.19] —————

Subtotal (95% ClI) 1405 1392 83.2% 0.62 [0.40, 0.96] <>

Total events 138 215

Heterogeneity: Tau2 = 0.51; Chi2 = 47.79, df = 20 (P = 0.0005); I2 = 58%

Test for overall effect: Z =2.14 (P = 0.03)

3.1.3 Postoperative complications in children

Gilchrist 1992 2 14 10 50 3.3% 0.67 [0.13, 3.47] ==

Hay 1998 2 34 6 48 3.3% 0.44[0.08, 2.31] ==

Lavonius 2001 2 23 0 20 1.3% 4.77[0.22, 105.41] g

Lejus 1996 1 32 2 31 1.8% 0.47 [0.04, 5.44]

Lintula 2001 1 30 3 3 2.0% 0.32[0.03, 3.28]

Lintula 2002 2 13 2 12 2.3% 0.91[0.11,7.72]

Little 2002 3 44 2 44 2.8% 1.54 [0.24, 9.68] T

Subtotal (95% Cl) 190 236 16.8% 0.74[0.34, 1.59] -

Total events 13 25

Heterogeneity: Tau? = 0.00; Chi2 = 3.06, df = 6 (P=0.80); I2 = 0%

Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% Cl) 1595 1628 100.0% 0.64 [0.44, 0.93] <

Total events 151 240

Heterogeneity: Tau? = 0.39; Chi2 = 50.81, df = 27 (P = 0.004); 12 = 47% ! t t 1

Test for overall effect: Z = 2.35 (P = 0.02) 0.01 0.1 1 10 100

Test for subgroup differences: Chi2 = 0.16, df = 1 (P = 0.69); 12 = 0% Favours LA Favours OA

Figure L. Meta-analysis of postoperative complications. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.

First performed by Semm in 1983, LA increased in
popularity throughout the 1990s. However, unlike
cholecystectomy, the benefits of the laparoscopic
approach have not been as apparent.

Meta-analysis is a relatively new and increasingly
popular method of data analysis. It is especially valu-
able when previous studies have been unable to show
significant differences between treatments because of
small sample sizes, or when there is no consensus of
opinion. The results of this meta-analysis show that,
when compared with OA, LA in adults was associated
with lower incidence of wound infection, fewer post-
operative complications, shorter postoperative stay,

and earlier return to normal activity, but a longer oper-
ation time, there was no difference in levels of intra-
abdominal abscess and reoperation between the
groups. However, subgroup analysis in children did
not reveal significant differences between the two tech-
niques in wound infection, postoperative complica-
tions, postoperative stay, and return to normal activity.

Wound infection is the most common complication
after appendectomy, although the answer to the ques-
tion as to why wound infection might be reduced
during LA is unclear. A possible reason for this is
that in open appendectomies the appendix is delivered
directly through the wound, thereby risking
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LA
Events

OA

Study or subgroup Total Events Total Weight

M-H, fixed, 95% CI

odds ratio
M-H, fixed, 95% ClI

odds ratio

4.1.2 Reoperation in adults

Hellberg 1999 5 244 4 256 19.7%
Kaplan 2009 0 50 1 50 7.7%
Kocalas 2013 1 50 0 46 2.6%
Macarulla 1997 1 106 1 104 52%
Minné 1997 2 27 1 23 52%
Moberg 2005 1 81 2 82 10.1%
Reierlsen 1997 0 42 1 42  7.6%
Taguchi2015 1 42 0 39 2.6%
Thomson 2014 5 60 5 52 25.3%
Subtotal (95% ClI) 702 694 86.0%
Total events 16 15

Heterogeneity: Chi2 = 2.47, df = 8 (P = 0.0.96); 12 = 0%
Test for overall effect: Z = 0.02 (P = 0.99)

4.1.3 Reoperation in children

2.82[0.11, 70.93]
0.98[0.06, 15.89]
1.76 [0.15, 20.76]

2.86[0.11,72.19]

Gilchrist 1992 1 14 0 50 1.1% 11.22 [0.42, 291.30] '

Hay 1998 0 34 2 48 106%  0.27[0.01, 5.80] -

Lintula 2002 1 13 0 12 2.4% 3.00[0.11, 80.95]

Subtotal (95% CI) 61 110 14.0% 1.56 [0.35, 6.86] *

Total events 2 2

Heterogeneity: Chi2 = 2.82, df = 2 (P = 0.24); 12 = 29%

Test for overall effect: Z = 0.59 (P = 0.56)

Total (95% CI) 763 804 100.0%  1.08[0.58,2.01] -

Total events 18 17

Heterogeneity: Chi2 = 5.64, df = 11 (P = 0.90); |2 = 0% I t ‘ i

Test for overall effect: Z = 0.26 (P = 0.80) 0.01 0.1 1 10 100
Flavours LA Flavours OA

Test for subgroup differences: Chi2 = 0.28, df = 1 (P = 0.60); 12 = 0%

—_—

1.32[0.35, 4.97]
0.33[0.01, 8.21]

0.50 [0.04, 5.63]
0.33[0.01, 8.22]

0.85[0.23, 3.13]
1.01[0.51, 1.98]

Figure 5. Meta-analysis of reoperation. Cl: confidence interval; LA

contamination, whereas in laparoscopic surgery the
inflamed appendix never comes in to contact with the
wound as it is removed via a trocar or bag. This advan-
tage might be magnified in obese patients, where a
larger open incision would be necessary, with its attend-
ant risks of greater infection and postoperative pain.**

The one serious disadvantage to LA is the possibly
greater incidence of intra-abdominal abscess formation.
In a retrospective review, Tang and coauthors® evalu-
ated the incidence of postoperative intra-abdominal
abscess formation after LA and OA. In patients with
perforated appendicitis, they found a strong trend
toward an increased rate of abscesses in the patients
treated laparoscopically. We were not able to analyze
the incidence of intra-abdominal abscesses in the subset
of patients with perforation because such data were not
reported. This meta-analysis did not show a statistically
significant increase in the rate of intra-abdominal
abscess formation in the LA group.

Postoperative complications are usually considered
in an assessment of a procedure’s safety. The common
complications of appendectomy are wound infection,
intra-abdominal abscess, postoperative ileus, bleeding,
and the like. In this meta-analysis, we used the overall
incidence of postoperative complications to assess the
safety of LA. The meta-analysis results showed that the

laparoscopic appendectomy; OA: open appendectomy.

overall incidence of postoperative complications in LA
group was lower than in the OA group (Z=2.35;
p=0.02).

Results for meta-analysis of operation time showed
that LA took longer than OA by 11.59min
(WMD =11.59, 95% CI: 6.65-16.53, p<0.00001).
Considering the increased instrumentation used
during laparoscopic surgery and the setup time
involved, the concept of a laparoscopic procedure
taking longer than its open equivalent is not surprising,
however, the slightly longer operation time with the
additional 11.59min in LA will most probably be
reduced over time, as surgeons become more adept at
the procedure. Pier and associates® reported a series of
625 LA cases in which the average operating time was
15-20 min. Length of postoperative stay results from
the studies included in this meta-analysis showed that
LA in adults significantly reduced length of postopera-
tive stay as compared with OA by 0.79 days. These
results may be due to the fact that mobilization follow-
ing LA is improved, thereby facilitating recovery and
subsequent discharge from hospital. Early return to
normal activity is accepted as an obvious advantage
of LA, which was supported by a large scale meta-ana-
lysis conducted by the Cochrane Colorectal Cancer
Group.® The trocar incisions of LA contribute to



550 United European Gastroenterology Journal 5(4)
LA OA Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% CI 1V, random, 95% CI
5.1.2 Operation time in adults
Cipe 2014 521 143 121 511 206 120 6.1%  1.00[-3.48, 5.48] T
Cox 1996 58.9 4 33 506 3.2 31 6.3% 8.30[6.53, 10.07] -
Ignacio 2004 774 271 26 66.9 21.6 26 4.4% 10.50 [-2.82, 23.82] i il
Kaplan 2009 56.3 109 50 494 118 50 6.1% 6.90 [2.45, 11.35] i
Kargar 2011 344 842 50 417 8.84 50 6.2% -7 .30[-10.68, -3.92] =
Khalil 2011 4754 12.82 72 31.36 11.43 75 6.1% 16.18[12.25, 20.11] -
Laine 1997 56 42 25 32 3.8 25 6.3% 24.00[21.78, 26.22] =
Macarulla 1997 552 26.2 106 447 16.6 104 5.8% 10.50[4.58, 16.42] o
Manloglu 2015 41.42 1.32 31 46.25 18.84 32 5.6% -4.83[-12.30, 2.64] mE
Muller1996 45 159 50 25 126 50 5.9% 20.00[14.38, 25.62] -
Rashid 2013 57.64 9.9 50 339 7.84 50 6.2% 23.74[20.24, 27.24] e
Shirazi 2010 51.8 7.8 30 396 5.6 30 6.2% 12.20[8.76, 15.64] -
Taguchi2015 84.6 34.57 42 63.5 20.76 39 4.6% 21.10[8.78,33.42]
Thomson 2014 758 492 60 584 34.6 52  3.9% 17.40[1.80, 33.00] —
Wei 2010 30 152 112 287 163 108 6.1% 1.30 [-2.87, 5.47] T
Subtotal (95% ClI) 858 842 85.7% 10.49[5.05, 15.92] *
Heterogeneity: Tau? = 103.66; Chi2 = 383.79, df = 14 (P < 0.00001); |12 = 96%
Test for overall effect: Z = 3.78 (P = 0.0002)
5.1.3 Operation time in children
Gilchrist 1992 71 12 14 54 3 50 5.8% 17.00[10.66, 23.34] =]
Lejus 1996 54 17 32 39 18 31 5.3% 15.00 [6.35, 23.65] -
Lintula 2002 63 31 13 37 18 12 3.2% 26.00[6.31, 45.69] T
Subtotal (95% Cl) 59 93 14.3% 16.91[11.96, 21.86] *
Heterogeneity: Tau2 = 0.00; Chi2 = 1.01, df = 2 (P = 0.60); I2 = 0%
Test for overall effect: Z =6.70 (P < 0.00001)
Total (95% Cl) 917 935 100.0% 11.59[6.65, 16.53] . * . )
Heterogeneity: Tau2 = 99.45; Chi2 = 389.35, df = 17 (P < 0.00001); 12 = 96% L T Y \
Test for overall effect: Z = 4.60 (P = 0.0002) 100 Favojrz LA 0 Favoi?s OA 100
Test for subgroup differences: Chi2 = 2.94, df = 1 (P =0.09); I2 = 65.9%

Figure 6. Meta-analysis of operation time. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.

LA OA Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% ClI
6.1.2 Postoperative stay in adults
Cipe 2014 1.11 1.083 121 1.24 096 120 6.3% -0.13[-0.38,0.12] .
Cox 1996 29 03 33 38 04 31 6.4% -0.90[-1.07,-0.73] -
Kaplan 2009 23 09 5 31 15 50 6.1% -0.80[-1.28,-0.32] -
Kargar 2011 218 0.8 50 1.79 058 50 6.3% 0.39[0.12,0.66] -
Khalil 2011 152 076 72 1.7 106 75 6.3% -0.18[-0.48,0.12] -
Kocatas 2013 085 06 50 0.88 077 46 6.3% -0.03[-0.31,0.25] 9
Laine 1997 27 03 25 23 0.1 25 6.4%  0.40[0.28, 0.52] -
Macarulla 1997 34 19 106 48 27 104 59% -1.40[-2.03,-0.77] —-—
Mantoglu 2015 14 084 31 15 067 32 6.2% -0.10[-0.48,0.28] -
Mutter 1996 5.3 3 50 49 17 50 54% 0.40[-0.56, 1.36] e
Rashid 2013 1.06 024 50 3.1 089 50 6.3% -2.04[-2.30,-1.78] -
Shirazi 2010 15 01 30 41 08 30 6.3% -2.60[-2.89,-2.31] o
Taguchi 2015 114 857 42 119 6.65 39 2.0% -0.50([-3.83, 2.83] —
Wei 2010 41 15 112 72 17 108 6.2% -3.10[-3.52,-2.68] o
Subtotal (95% Cl) 822 810 82.7% -0.78[-1.38,-0.17] L 2
Heterogeneity: Tau2 = 1.21; Chi2 = 789.65, df = 13 (P < 0.00001); 12 = 98%
Test for overall effect: Z =2.52 (P =0.01)
6.1.3 Postoperative stay in children
Gilchrist 1992 29 07 14 54 04 50 6.2% -2.50[-2.88,-2.12] s
Lintula 2001 19 07 30 26 09 31 62% -0.70[-1.10,-0.30] =
Lintula 2002 5 1.9 13 4 1.2 12 4.9% 1.00[-0.24, 2.24] T
Subtotal (95% Cl) 57 93 17.3% -0.83[-2.46,0.81] B
Heterogeneity: Tau2 = 1.94; Chi2 = 56.94, df = 2 (P < 0.00001); 12 = 96%
Test for overall effect: Z=0.99 (P = 0.32)
Total (95% Cl) 879 903 100.0% -0.79[-1.35, -0.23] L 2
Heterogeneity: Tau? = 1.27; Chi2 = 902.52, df = 16 (P < 0.00001); I = 98% t + + +
Test for overall effect: Z = 2.77 (P = 0.006) -10 'gavours A 0 Favours 05A 10
Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.95); 12 = 0%

Figure 7. Meta-analysis of postoperative stay. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.
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Test for overall effect: Z = 3.45 (P = 0.0006)

7.1.3 Return to normal activity in children

Test for overall effect: Z = 3.02 (P = 0.003)

LA OA Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight |V, random, 95% CI 1V, random, 95% ClI
7.1.2 Return to normal activity in adults
Cox 1996 104 09 33 198 24 31 11.6% -9.40[-10.30.-8.50] -
Ignacio 2004 11 49 26 95 39 26 11.0% 1.50[-0.91.3.91] @
Kargar 2011 3.1 146 50 3.2 247 50 11.6% -0.10 [-0.90. 0.70]
Laine 1997 13.1 1 25 182 07 25 11.6% -5.10[-5.58, -4 .62] n
Mantoglu 2015 5.06 2.31 31 8.06 215 32 115%  -3.00[-4.10, -1.90] 2
Rashid 2013 36 1.03 50 9.64 208 50 11.6% -6.04[-6.68, -5.40] "
Wei 2010 91 42 112 137 58 108 115% -4.60[-5.94, -3.26] "
Subtotal (95% Cl) 327 322 80.4%  -3.92[-6.15, -1.70] 4

Heterogeneity: Tau? = 8.65; Chi2 = 287.16, df = 6 (P < 0.00001); 12 = 98%

Gilchrist 1992 112 14 14 28 0.7 50 11.6% -16.80[-17.56, 16.04] o

Lintula 2002 14 74 13 19 10 12 80% -5.00([-11.94, 1.94] —

Subtotal (95% CIO 27 62 19.6% -11.43[-22.94,0.09] >

Heterogeneity: Tau? = 63.27; Chi2 = 10.97, df = 1 (P < 0.0009); 12 = 91%

Test for overall effect: Z = 1.94 (P = 0.05)

Total (95% Cl) 354 384 100.0%  -5.45[-8.98, -1.91] ¢

Heterogeneity: Tau?2 = 27.96; Chi2 = 1120.38, df = 8 (P < 0.00001); I2 = 99% l t t i
-100 -50 0 50 100

Test for subgroup differences: Chi2 = 1.57, df = 1 (P=0.21); 12 = 36.4%

Favours LA Favours OA

Figure 8. Meta-analysis of return to normal activity. Cl: confidence interval; LA: laparoscopic appendectomy; OA: open appendectomy.

minimal trauma to the abdominal wall and less pain,
allowing faster recovery.*

There are other potential benefits to performing
LA, including the ability to perform routine diagnostic
laparoscopy. This may be of value in equivocal cases
or in women,*” and laparoscopy has been shown to
reduce the incidence of negative appendectomies.*s !
The practice of not removing a normal looking
appendix is controversial, however, and there is evi-
dence that visual inspection at the time of surgery
cannot accurately predict the true histopathologic
findings.>?

This study has several limitations. First, the different
operation methods were performed by different sur-
geons in different countries; thus, different learning
curves may have contributed to the reported difference
between the two procedures. Second, because of ethical
limitations or other reasons, the studies of children are
few, and the sample size in some studies are rather
small. Third, the Jadad composite scale of some studies
are low, which indicates the quality of included reports
are not high.

The current meta-analysis showed that although LA
has a longer operative time, it results in faster post-
operative rehabilitation, a shorter hospital stay, and
fewer postoperative complications than OA. Thus the
LA is a useful tool in the treatment of acute appendi-
citis and worth recommending as an effective and safe
procedure for adults. However, the advantage of LA in
children was not obvious. Therefore, the study further
highlights that more large sample and high-quality ran-
domized trials for children are needed.
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